The facial depressor muscles are an essential component of a full denture smile. In addition, the depressor muscles are actively used to express other human emotions such as sadness, anger, depression, and sorrow. Despite advances in microsurgical techniques, it is surprising how little effort has been directed toward reanimation of the lower lip. This article presents innovative approaches used in 74 patients by the senior author since 1981 for the dynamic reanimation of depressor muscle function. The surgical techniques include transfer of the anterior belly of the digastric muscle (n ϭ 22) and transfer of the platysma muscle (n ϭ 26) as a pedicled muscle to the corner of the mouth. Other surgical interventions used are the mini-hypoglossal nerve transfer to the cervicofacial branch of the ipsilateral facial nerve (n ϭ 20), direct neurotization of the depressor muscles (n ϭ 6), and facialto-facial nerve transfer. The depressor muscle function was graded by four observers after reviewing standard preoperative and postoperative videotapes. Rating of the functional and aesthetic results was done according to the following arbitrary scale: excellent (2), good (1.5), moderate (1), fair (0.5), and poor (0). Sixty-nine percent of the patients who had a digastric muscle transfer displayed good to excellent results, and 24 percent showed moderate restoration of the depressor mechanism postoperatively. Eighty-three percent of patients who had platysma transfer to the lower lip demonstrated good to excellent outcome, and 11 percent had moderate depressor muscle function. In the hypoglossal nerve transfer group, 72 percent of the patients achieved good to excellent results and 15 percent had moderate function of the depressor mechanism. Of the patients who underwent direct neurotization, 34 percent showed good to excellent depressor muscle function postoperatively and 66 percent achieved fair depressor muscle function. Excellent outcome was noted in the patient with VII to VII nerve transfer. In conclusion, this article presents innovative approaches to restore dynamic depressor muscle function, which so far has been a neglected area of facial reanimation. (Plast. Reconstr. Surg. 105: 1917 Surg. 105: , 2000 Human facial expression is vital for social interaction; humans exhibit their feelings through complex contractions of the facial musculature with or without verbal articulation. Facial paralysis leaves a person severely debilitated. A smile is perhaps one of the most important human facial expressions. Rubin 1 analyzed in detail facial movements in relation to regional muscle forces and categorized smiles into three types: (1) "Mona Lisa" or zygomaticus major dominant smile, (2) "canine" or levator labii superioris dominant smile, and (3) "full denture" or all muscles dominant smile. 1 Depressor muscle function is an important component of the full denture smile. In addition, the depressor muscles are actively used to express other human expressions such as sadness, anger, rage, depression, and sorrow. The drooping of the lower lip by the depressor labii inferioris, depressor angularis, and the mentalis can denote disappointment, sorrow, crying, and, in the extreme, rage and hate. 1 The lower lip is animated through a complex interaction of orbicularis oris, depressor labii inferioris, depressor anguli oris, mentalis, and platysma muscles. Measurement of lower facial excursion has shown that the lower lip moves about 5.6 mm in the direction of depression. 2 Damage to the mandibular branch of the facial nerve results in an inability to draw the lower lip downward and laterally or to evert the vermilion border. Thus, the resultant deformity is From the Microsurgical Research Center, Eastern Virginia Medical School. Received for publication November 25, 1998 ; revised September 23, 1999. an elevation of the palsied lower lip with apparent drooping of the normal side. Such deformity can be readily appreciated if one considers the actions and innervation of the circumoral muscles. These dynamics result from alteration in the balance of the protagonists and antagonists in the region of the paralyzed lip.
When the depressor muscles of the lower lip are bilaterally paralyzed, and if the orbicularis oris has also lost continence, there is significant functional and aesthetic deficit. This is manifest by weakness in lip approximation, purse-stringing of the lower lip, oral incontinence, and an embarrassing deformity around the oral sphincter during full denture smile. The trade-off for symmetry is a varying degree of flaccidity of the lower lip.
Despite advances in microsurgical techniques, it is surprising how little effort has been directed toward reanimation of the lower lip. Recent contributions involving facial reanimation have concentrated primarily on restoration of upper lip elevators and restoration of the nasolabial fold. This article presents innovative approaches to the dynamic reanimation of depressor muscle function.
Since 1981, the senior author has attempted to restore the depressor mechanism of the lower lip. This article reviews the surgical techniques used in 74 patients and the outcomes. The surgical techniques included: minihypoglossal nerve transfer to the cervicofacial branch of the facial nerve; direct neurotization of the depressor muscle by using different available motor donors; ipsilateral platysma muscle transfer; and microsurgical transfer of the anterior belly of the digastric muscle. The experience with these techniques is presented as well as the strategies of reconstruction surrounding their use. Finally, the outcomes are discussed.
ANATOMY

Cervicofacial Branch of the Facial Nerve
The extracranial segment of the facial nerve begins at the stylomastoid foramen, which is situated where the digastric ridge joins the posterior bony wall of the external auditory canal. 2 The branches at the extremes are more isolated. In the central region, the facial nerve has an extensive anastomosis within the parotid gland. 3 At the neck of the mandible, the extratemporal segment divides into two main branches: the frontozygomatic facial trunk, which continues upward across the mandible, and the cervicofacial trunk, which runs down and parallel to the inferior edge of the mandible. 4 The cervicofacial division of the facial nerve usually has three branches running to the lower third of the face and neck (Fig. 1, above) . These consist of buccal, mandibular, and cervical segments. Each facial nerve is unique in its anatomy; however, there are variations in these three nerves that consist of patterns of only two or four nerves with interconnections among themselves, or, less frequently, with the buccal branches of the frontozygomatic division. The cervical branch usually accompanies the posterior facial vein as it emerges from the tail of the parotid gland.
Most textbooks and atlases of anatomy and surgery [5] [6] [7] [8] [9] [10] [11] [12] describe and illustrate a single mandibular branch above the inferior border of the jaw. The mandibular division in patients is almost always 1 to 3 cm below the horizontal ramus of the mandible, external to the facial artery and vein. The nerve path creates an arc as it extends anteriorly and upward over the ramus of the mandible to send branches to the four muscles that depress the lower lip ( Fig. 1,  above) . Dingman and Grabb 13 studied 100 embalmed facial halves and reported that the branches of the mandibular ramus anterior to the facial artery were above the mandibular border in 81 percent of the cases. However, it is clear from other recent studies that the marginal mandibular branch (or branches) is always found below the mandibular border. Nelson and Gingrass 14 described the following pattern of the mandibular branch: (1) a variable superior branch (or branches) to the platysma, depressor anguli oris, and orbicularis oris; (2) a branch to the depressor anguli oris; (3) a branch to the depressor labii inferioris; (4) a branch to the mentalis; and (5) a cervical branch to the platysma. In operative dissection of mandibular branches of the facial nerve, they identified branches below the inferior border of the mandible in all cases. These usually supplied the depressor labii inferioris and mentalis muscles, although (infrequently) the branch to the depressor anguli oris was also below the mandible. At least three nerve branches were identified in all dissections.
Hypoglossal Nerve
The hypoglossal nerve 15 is the motor nerve to the tongue muscles. It lies in close relationship with the ninth, tenth, and eleventh cranial nerves, the internal carotid artery, and the internal jugular vein. It descends between the internal carotid artery and the internal jugular vein until it reaches the lower border of the posterior belly of the digastric muscle, where it courses forward and medially. The nerve loops around the occipital artery and crosses the internal and external carotid arteries. There, it is crossed by the facial vein. It passes forward and upward, deep to the intermediate tendon of the digastric muscle, the stylohyoid muscle, and the posterior margin of the mylohyoid muscle. The hypoglossal nerve, as it curves forward below the posterior belly of the digastric muscle, is joined by a small branch from the cervical plexus (C1 and sometimes C2). It descends in front of the internal and common carotid arteries, embedded in the carotid sheath. The hypoglossal nerve is joined by the descending cervical nerve (C2 and C3) from the cervical plexus to form a loop called the ansa cervicalis. Branches from the loop supply the omohyoid, the sternohyoid, and the sternothyroid muscles.
Digastric Muscle
The digastric 16 muscle has two bellies and an intermediate tendon. Inferior to the mandible, it angles from the mastoid process to the chin. Its longer, posterior belly is attached to the temporal mastoid notch and slopes inferior and forward; the anterior belly is attached to the digastric fossa of the mandible close to the midline and inclines caudally. An aponeurosis extends from the tendon to the hyoid body and greater cornu (Fig. 2) . The anterior belly of the digastric muscle is sometimes partially fused with the mylohyoid muscle located medial to the anterior belly. The posterior belly is innervated by the facial nerve. The anterior belly receives its motor supply from the mandibular division of the trigeminal nerve through the mylohyoid branch of the inferior alveolar nerve. 16 
Platysma
The platysma muscle 17, 18 is a long, thin, flat structure originating in the fascia of the upper chest and shoulder. It originates from skin caudal to the entire extent of the clavicle, to which it is closely apposed, and inserts into the skin of the face just cephalad to the body of the mandible. It extends above the mandible to insert into the superficial fascia of the cheek and the muscles at the angle of the mouth and lower lip. Sheetlike and rectangular, it attenuates in the midline over the suprasternal region but decussates with its opposite number in the submental region. It extends laterally over most of the sternocleidomastoid muscle and part of the posterior triangle.
In vascular taxonomy, the platysma is a type II muscle that has one major vascular pedicle, which arises from the facial artery and its venae comitantes, and one minor pedicle. Lee and Terzis 19 showed in 18 cadavers a constant, dominant branch emerging from the facial artery just proximal to where the submandibular branch of the facial nerve crosses the facial artery. They reported that in 88 percent of the cadavers a direct branch originated from the facial artery, and in 12 percent the muscular branch shared a common trunk with the submental branch of the facial artery (Fig. 3) . Two basic patterns of vascular supply were noted: a perforator pattern (12 out of 18, the direct muscular branch) and an axial pattern (6 out of 18). The direct muscular branch enters the deep surface of the platysma muscle, continues in this plane caudally, and terminates at or just close to where the cervical branch of the facial nerve innervates the platysma muscle. The direct muscular branch perforates the platysma, giving off branches in the substance of the muscle and continuing on to supply the skin and subcutaneous tissue. 19 The dominant motor nerve supply is the cervical branch of the facial nerve, which innervates the muscle at the junction of the cranial and middle third of the muscle, approximately 2 to 3 cm lateral to the direct muscular arterial branch 19 (Figs. 1, above, and 3). The cutaneous nerves of the cervical plexus, primarily C2 and C3, and the anterior cutaneous nerves of the neck, supply sensation to the various regions of its overlying skin. 
METHODS
Patients
Demographics. The patient population consisted of 74 patients, of whom 54 were female and 20 were male. The age of the patients ranged from 2 to 72 years, with an average of 29.3 years. The paralysis involved the left side in 33 patients and the right side in 33 patients; in 8 patients the paralysis was bilateral. The origin of paralysis was birth trauma in 8 patients, developmental in 8, posttumor resection in 35, Bell's palsy in 7, and vehicular accident in 9. Paralysis was of varied type or idiopathic in the remaining 7 patients (Fig. 4) . Denervation time varied between 4 months and 51 years. Only patients with a follow-up period of 18 months or longer were included in this study.
Between 1981 and 1997, 74 patients with facial paralysis underwent surgery for depressor reanimation by the senior author. In all of these patients, significant aesthetic and/or functional deficit of the depressor mechanism was present.
Preoperative evaluation. The preoperative evaluation consisted of a detailed history including onset of the paralysis, obstetric history, mechanism of injury, previous treatments, and a detailed physical examination that included a full neurologic assessment of all cranial nerves. The muscles of facial expression were examined and videotaped in detail. Ancillary investigations included needle electromyelography, nerve conduction studies, and, when indicated, polytomography and computed tomography of the bilateral facial canal and temporal bone. The origin of the facial nerve palsy was determined on the basis of analysis of the above data and was documented in the chart. The drawings of surgical procedures and operative reports were also reviewed.
At all subsequent follow-up visits, physical examination and neurologic assessment were performed. Repeat needle electromyography and nerve conduction studies were also performed with each visit. Detailed documentation helped to accurately determine the postoperative course of each patient. Furthermore, every patient was videotaped and photographed in a standardized fashion for future comparison. All patients in this series were asked to demonstrate a full denture smile and to depress their bilateral lower lips without smiling while being videotaped.
The senior author was not involved in the outcome review process. Functional and aesthetic outcome was rated by five independent observers, who each reviewed separately all the preoperative and postoperative videotapes. No reviewer had information about the patient's history or the type of procedure that took place. An arbitrary evaluation scale was established. Depressor muscle function was graded 0 to 2 (0 corresponding to total paralysis and 2 to normal function), with 0.50 increments (Table I). Strict criteria were used to ensure interrater reliability. The observers were given a full explanation of the grading system. The scores were not weighted, and mean scores were reported. 
Indications for each type of surgical intervention.
In patients with facial paralysis of less than 12 months' duration who had evidence of muscle viability after needle electromyelography, the depressor muscle was reanimated by means of a cross-facial nerve graft. Direct neurotization is complete when there is documentation of nerve regeneration across the face on nerve conduction studies and positive Tinel's sign in the corresponding cross-facial nerve graft. In patients with incomplete recovery of the depressor muscle function after cross-facial nerve graft, or in patients with facial paralysis of 24 months' duration and evidence of remaining depressor muscle after needle electromyography, a minihypoglossal nerve transfer to the cervicofacial branch of the facial nerve (XII to cervicofacial VII) (Fig. 1, below) , or direct neurotization of the depressor muscle with XII nerve fibers, was performed. The latter procedure invariably required an interposition nerve graft.
In patients with long-standing paralysis (i.e., more than 30 months' duration with silent needle electromyographic findings in the depressor muscle), the ipsilateral platysma muscle was transferred if the muscle was functional (based on preoperative clinical and needle electromyographic examination). In these cases, either the platysma was uninvolved in the paralysis or it had substantially recovered from previous reconstruction.
In patients with developmental unilateral lower lip paralysis or with long-standing paralysis with paralyzed platysma muscle, microsurgical transfer of the anterior belly of the digastric muscle was used for depressor substitution.
Surgical Techniques
All of the dissections are routinely done with ϫ4 loupe magnification. The nerve coaptations are performed under high magnification with the aid of an operating microscope and using 11.0 suture.
Digastric transfer. The anterior belly of the digastric muscle and the digastric tendon are mobilized through a curved incision in the submandibular triangle. The anterior belly of the digastric muscle is mobilized up to the inferior border of the mandible, with care taken to preserve the neurovascular bundle that enters the muscle on its deep surface (Fig. 2) . It is important to include the whole extent of the digastric tendon with the transferred muscle to guarantee adequate length for insertion into the lower lip. During harvest of the digastric muscle, careful attention must be taken to preserve the submental branch of the facial artery and the accompanying vein. The nerve to the digastric muscle is severed and tagged for coaptation with the cross-facial nerve graft, which is usually placed during the first stage of the facial reanimation procedure. In a few cases (6 out of 22), the digastric transfer was performed without microneural coaptation with a cross-facial nerve graft. The senior author found that in the very young patient, reeducation and retraining were not necessary, in contrast to older patients.
The mandibular origin of the digastric muscle is subsequently severed and the muscle is transferred laterally. Exact placement of the muscle is determined by viewing intraoperatively the preoperative videotapes so that the direction of downward pull will reproduce the excursion of the contralateral lower lip. At this point, a tunnel is made from the site of the new placement of the digastric muscle to the lateral portion of the lower lip. Through an intraoral incision just posterior to the junction of the dry and wet vermilion, the created tunnel is completed. The digastric tendon is then split longitudinally into four strips, and each strip of tendon is tunneled individually and anchored in different sites with the orbicularis oris muscle. The exact length of each tendinous strip is determined once more by viewing the preoperative videotapes, and an attempt should be made to reproduce the contralateral depression of the intact lower lip (Fig. 5) .
Platysma transfer. The platysma muscle is exposed through a lateral submandibular incision. The anterior surface of the muscle is exposed by dissecting it free from subcutaneous fat. The dissection extends from the inferior border of the mandible down to the superior border of the clavicle. Care must be taken to preserve the cervical branch of the facial nerve as it enters deep to the lateral border of the muscle in its superior one third. At this point, the Doppler is used to locate the dominant arterial branch to the platysma, which is usually situated 2 cm below the mandible (Fig. 3) . After the vascular pedicle is identified, the dissection is performed on the underside of the muscle to carefully free it from the underlying structures. A tunnel is made from the lateral submandibular incision to a lateral intraoral incision as described previously for the digastric transfer. The lateral two-thirds of the muscle is usually harvested by splitting the distal platysma along its long axis. The muscle is then guided through the tunnel and anchored to the ipsilateral lower lip by several slips. The insetting tension is estimated from experience and by viewing the preoperative videotapes.
Mini-hypoglossal nerve to cervicofacial nerve coaptation.
The hypoglossal nerve is explored through a submandibular incision. The platysma muscle is retracted medially, and the posterior belly of the digastric muscle and its tendon are identified. The dissection is performed between the submandibular gland and the digastric tendon to isolate the hypoglossal nerve as it enters the submandibular fossa deep to the posterior belly of the digastric muscle. The ansa hypoglossi and the main nerve trunk distal to the ansa are isolated. The cervicofacial branch of the ipsilateral facial nerve is then identified in the superolateral part of the wound. Under magnification, the hypoglossal nerve is split and about 20 to 30 percent of the nerve is sharply resected. The cervicofacial branch of the facial nerve is transected proximally just at the bifurcation of the facial nerve into its two main branches. The distal end of the divided cervicofacial branch of the facial nerve is brought inferiorly and is subsequently coapted in an end-to-side fashion to the hypoglossal nerve (partial neurectomy site) by using 11-0 nylon sutures (Fig. 1, below) . Direct muscle neurotization. Direct neurotization of the depressor muscle is accomplished by implanting the interposition nerve graft, which is connected to the donor nerve into the substance of the depressor muscle. The nerve end is split into two to three fascicles, and each fascicle is implanted through a separate incision FIG. 5 . The anterior belly of the digastric muscle has been harvested. The mandibular origin is cut and the tendinous insertion is severed at the level of the hyoid and split into four slips. Care has been taken to preserve the vascular pedicle. Note the cross-facial nerve graft neurotizing by end-to-end repair the digastric nerve near its entry point into the muscle.
in the epimysium. The epimysium is sutured over the nerve end with 9-0 nylon by taking a small bite of the epineurium to secure the nerve in position.
Statistical Evaluation
Independent t tests were performed to evaluate the effectiveness of the surgical interventions by comparing preoperative and postoperative grading of the depressor mechanism. Analysis of variance was used to compare different groups. Correlation coefficient was calculated to determine whether a positive or negative association existed between the two variables.
RESULTS
Outcome of the various procedures consisted of the mean scores given by five independent examiners who reviewed the preoperative and postoperative videotapes of each patient and rated the preoperative deformity and the postoperative functional return according to the grading system displayed in Table I . The patient population was grouped according to the surgical procedure undertaken to reanimate the lower face. Depressor muscle function was graded 0 to 2 (0 for total paralysis and 2 for normal), with 0.50 increments ( Table I ). The criteria were described to examiners in detail to ensure interrater reliability. The mean Ϯ standard deviation scores were calculated, and statistical analysis was performed as described. The mean scores are the raw (i.e., unweighted) scores.
The number of patients per group were as follows: digastric muscle, 22; platysma, 26; mini-hypoglossal nerve transfer, 20; and direct neurotization, 6. One patient had an ipsilateral VII to VII facial nerve transfer. In the digastric muscle group, 69 percent of the patients had good to excellent restoration of the depressor mechanism postoperatively and 24 percent showed moderate restoration (Fig. 6) . Eightythree percent of patients who had platysma transfer to the lower lip demonstrated good to excellent outcome, and 11 percent had moderate depressor muscle function (Fig. 7) . In the mini-hypoglossal nerve transfer group, 72 percent achieved good to excellent outcome and 15 percent had moderate function of the depressor mechanism (Fig. 8) . Of the patients who underwent direct neurotization, 34 percent showed good to excellent depressor muscle function postoperatively, and 66 percent achieved fair depressor muscle function. The failure rates, combined with poor outcome, for each group were as follows: digastric muscle group, 7 percent; platysma group, 6 percent; mini-hypoglossal nerve transfer group, 13 percent; and direct neurotization group, 0 percent. No complications (e.g., wound infection, swallowing or speech difficulty, synkinesia, dyskinesia) were experienced by any of the patients. In one patient who developed isolated mandibular branch of the facial nerve injury after rhytidectomy, complete function of the depressor muscle was restored by transfer of the buccal branch to the marginal mandibular nerve (Fig. 9) .
The mean depressor grade in the digastric muscle group was 0.18 Ϯ 0. (Fig. 10) .
There was no correlation between functional outcome of the depressor muscle and onset of facial paralysis in the digastric muscle group. In the patients who had platysma transfer, a positive correlation was noted between the preoperative electromyographic findings (motor unit potential) and depressor outcome, with a correlation coefficient of 0.61. This association was significant. The mini-hypoglossal nerve transfer patients also revealed a positive correlation between preoperative electromyographic motor unit potential of the depressor muscle and its functional outcome (correlation coefficient, 0.73), which was statistically significant. In contrast, there was a weak positive correlation between preoperative and postoperative grading in the direct neurotization group. In all groups, a negative correlation between age and depressor muscle outcome was observed (correlation coefficient per group: digastric muscle, Ϫ0.51; platysma, Ϫ0.10; XII to VII, Ϫ0.04; direct neurotization, Ϫ0.32); however, it was statistically significant only for the digastric muscle group. The functional recovery in the XII to cervicofacial VII, direct muscle neurotization, and platysma groups showed negative correlation between denervation time and functional outcome. However, this correlation was not statistically significant. DISCUSSION The face has perhaps the most complex and dynamic musculature in the body. Facial expressions are the result of an intricate yet harmonious interplay of various vectors resulting from the action of many facial muscles. Paralysis of one or more muscles becomes apparent from lack of coordination and symmetry of facial movements.
Historically, for patients with lack of depressor muscle function, surgeons have tried to achieve static symmetry around the oral commissure by selective myectomy or neurectomy of the normal side. Curtin et al. used myectomy of the normal side to restore symmetry in the lower lip. 20 The result was a lower lip that was symmetric but incontinent. Sectioning of the cervicofacial (or marginal) branch of the contralateral facial nerve was advocated by Niklison. 21 Contralateral selective neurectomy has a similar disadvantage of further weakening the lower lip. Treatment failures may result from diffuse and varied interconnections between the depressor labii inferioris and the platysma muscles, and subsequent repeat neurectomy may be necessary. In addition, when both depressor muscles are paralyzed, functional incompetence of the oral sphincter may emerge as a new problem. Botulism toxin has also been FIG. 7 . (Above, left) A 38-year-old patient who developed right-sided face and neck pain of 1 week's duration followed by complete right-sided facial nerve palsy during the 30th week of gestation (first pregnancy) is shown. Bell's palsy was diagnosed by a neurologist, who initiated treatment with steroids and electrical stimulation. Three months later, the patient reported some movement of facial muscles (eye closure). She discontinued the steroids postpartum but continued electrical stimulation for several months. The patient was referred to the senior author with a denervation time of 7 years. Preoperative examination and electromyography revealed an intact platysma muscle but involvement of frontalis, levator, and depressor muscles. used as an alternative to surgical neurectomy. 22 Furthermore, cheiloplasty has been used as an adjunct in facial paralysis. Glenn and Goode 23 described a technique in which wedge resection of the lower lip was combined with vermilion border advancement. This reportedly improves oral competence and provides the desired symmetry.
FIG. 8. (Above, left)
This patient developed a "viral" upper respiratory tract infection at 3 years of age after swimming in a public lake. Subsequently he developed neurologic symptoms that included loss of balance, slurred speech, forgetfulness, and complete right-sided facial palsy. The patient had been treated by his neurologist, and the workup was negative. Neurologic symptoms resolved within 6 months except for residual right facial paralysis. The patient was referred to our center 3 years later with a diagnosis of Bell's palsy. Clinical examination and needle electromyography demonstrated involvement of the frontalis muscle, orbicularis oculi, lip elevators and retractors, and paresis of the right depressor complex. There was pronounced synkinesis of the eye sphincter with animation of the lower face. Preoperative photographs showing full-face (above, left) and close-up (above, right) views of the facial deformity. The patient underwent a mini-hypoglossal nerve (30 percent partial neurectomy) transfer to the cervicofacial branch of the facial nerve, along with two cross-facial nerve grafts to the upper zygomatic and buccal branches of the facial nerve. Nine months later, a sculptured mini-gracilis muscle graft was transferred to the right face for symmetrical smile restoration innervated by the lower cross-facial nerve graft, and the upper cross-facial nerve graft was coapted to the upper zygomatic branches for treatment of the synkinesis. (Below) Two-year postoperative pictures show excellent depressor mechanism and improvement of synkinesis.
Dynamic reanimation of the paralyzed depressor muscle can be restored either by neurotization of the paralyzed target or by muscle transfer. Neurotization is the principle of transferring whole or part of a donor nerve to a dissimilar, more important, recipient nerve to achieve innervation. 24 Korte 25 first described the hypoglossal to facial nerve transfer in 1903. Since then many authors have described their experience with this procedure. 26 -32 The disadvantages of the classic hypoglossal nerve to facial nerve transfer are the resultant paralysis of the one side of the tongue and associated complications (swallowing and speech difficulty). To avoid disturbing mass movements and oral crippling, the senior author developed in 1984 the concept of mini-hypoglossal nerve transfer ("baby-sitter") for functional restoration of the depressor muscles. 33 More recently, by using an animal model we showed that 40 percent partial neurectomy of the hypoglossal nerve transferred to the zygomatic branch of the facial nerve (Z-VII) results in satisfactory return of the paralyzed target with minimal atrophy of the tongue. 34 Edgerton [35] [36] was the first to draw attention to the need to reanimate depressor muscle function. He introduced the digastric muscle transfer for depressor muscle substitution. His technique consisted of freeing the anterior belly of the digastric muscle from the mandible, suturing a section of fascia to it, and then threading this fascia superiorly into the lower lip. He also proposed an alternative technique of suturing a strip of fascia directly to the digastric tendon without freeing the muscle from the mandible. In 1975, Edgerton performed a combined muscle transfer using the temporalis muscle for upper lip elevation and the platysma muscle for commissure retraction for a patient with Moebius syndrome. In 1982, Conley et al. 37 reported their results with transfer of the anterior belly of the digastric muscle in patients with paralysis of the mandibular branch of the facial nerve. As with Edgerton's procedure, the goal was to restore symmetry around the mouth at rest and, potentially, with smile. A temporalis or masseter muscle transfer to the lower lip provides only partial correction because the direction of pull is different. 38 Recently Ueda et al. 39 reported two cases of free double muscle transfer to substitute for lip elevation and depressor muscle function. A double free muscle flap was used that consisted of latissimus dorsi for upper lip elevation and a slip of the serratus anterior for depressor muscle function. Koshima et al. 40 performed a double-muscle transfer by using a divided rectus femoris muscle for one-stage reconstruction of both the zygomaticus major muscle and the depresor labii inferioris muscle.
A literature review revealed no prior study in which different methods of dynamic restoration of the depressor muscle were described or compared. Since 1981 the senior author has used various methods to reestablish dynamic depressor muscle function. The anatomy, techniques, and the rationale for the use of each method, and the limitations and disadvantages of each technique, have been presented. The data collected reflect an evaluation of 74 patients who underwent different surgical interventions for restoration of the depressor mechanism. All patients were operated on by the same surgeon (J.K.T.) and received the same preoperative and postoperative care in this series.
When needle electromyography shows muscle viability (at least 2 motor unit potential) of the depressor muscle, the mini-hypoglossal nerve transfer to the cervicofacial branch nerve resulted in a successful outcome. In the absence of the target depressor muscle, the platysma muscle, if uninvolved, or digastric transfer, is a viable option. The origin of the facial palsy can guide the surgeon in selecting the appropriate method of reanimation for restoration of the depressor mechanism. For example, the patient with Bell's palsy usually has uninvolved platysma muscle; in these cases, the senior author advocates platysma transfer as the procedure of choice. In patients who suffer from developmental unilateral lower lip palsy, the muscles of facial expression are abnormal or absent; therefore, the anterior belly of the digastric muscle that receives its motor innervation from the trigeminal nerve is used to restore the depressor mechanism. On the other hand, in birth trauma cases, the cervicofacial nerve can be resuscitated by providing neuronal input through a portion (30 percent) of the hypoglossal nerve used as the motor donor.
The analysis showed that transfer of the platysma muscle, the mini-hypoglossal nerve to cervicofacial branch of the facial nerve, and the anterior belly of the digastric muscle had a rewarding functional outcome of the depressor muscle. Further analysis of functional recovery in the XII to the cervicofacial branch of VII, the direct muscle neurotization, and the FIG. 10 . Preoperative deformity rating and postoperative outcome scores were compiled by the mean grading given by the five examiners for each group of patients. The number of patients in each group were: digastric muscle, n ϭ 22; platysma, n ϭ 26; mini-hypoglossal to cervicofacial nerve (XII to VII), n ϭ 20; and direct neurotization, n ϭ 6. Postoperative improvement (difference of preoperative rating and postoperative outcome) was statistically significant in all groups.
platysma muscle transfer showed a negative correlation between denervation time and functional outcome. This may be secondary to the motor end plate degeneration that occurs over time after denervation. No correlation was found between denervation time and digastric transfer. This can be explained by the fact that the anterior belly of the digastric muscle receives its motor supply from the mandibular division of the trigeminal nerve. There was also a negative correlation between the age of the patients and the outcome. This is probably due to the poor nerve regeneration seen with advancing age. Although this study showed some important correlations, the results were not statistically significant.
In 
